A genetic model proposing how light-stimulated stomatal development is regulated by interactions among photoreceptors, components of the light signaling pathway, and members of the endogenous developmental pathway. Arrow, positive regulation; T-bar, negative regulation.
Stomata regulate carbon dioxide and water vapor exchange between the plant leaf and the atmosphere. Thus, they represent a critical control point not only for overall photosynthetic efficiency and water balance in the plant, but also for global carbon and water cycling. Stomatal development and function depend upon a variety of exogenous and endogenous signals, including light, carbon dioxide, temperature, water stress, and abscisic acid levels, as well as upon activities of cellular regulatory proteins and microRNAs. Therefore, stomata have been extensively studied as a model system for understanding how the integration of multiple signaling pathways leads to specific developmental and physiological responses (Bergmann and Sack, 2007; Kwak et al., 2008; Serna, 2009) .
Stomatal development has been well characterized in Arabidopsis, in which mutant analysis has helped to clarify the roles of light and a number of endogenous proteins required for the production of stomata from undifferentiated protodermal tissue. Light sensing via cryptochrome and phytochrome is required for stomata production, and development of stomata in darkness is inhibited by the photomorphogenesis-repressing protein, COP1. In the light, when COP1 repression is relieved, differentiation of stomatal cells is induced by several proteins in the endogenous developmental pathway, including the basic helix-loop-helix proteins SPCH, MUTE, and FAMA. However, these proteins cannot act until relieved from repression by inhibitory proteins, such as TMM, a leucinerich receptor-like protein, and YDA, a mitogenactivated kinase kinase kinase.
Much of this complex network involving repression and activation of both the light response and the endogenous developmental program remains a mystery. Now, in a comprehensive study in Arabidopsis, Kang et al.
(pages nnn) report how stomatal development is regulated by the concerted action of cryptochrome and phytochrome photoreceptors, components of the light signaling pathway, such as COP1, and members of the endogenous developmental pathway. The authors analyze stomatal numbers, patterning, and development in monochromatic red, blue, and far-red light using a variety of existing and newly constructed loss-of-function and gainof-function Arabidopsis mutants. They then provide a genetic model for the interaction of the light signaling pathway and the endogenous developmental pathway (see figure) .
They show that cryptochromes 1 and 2 work together with phytochromes A and B to promote light-induced stomatal development and further demonstrate that COP1 and YDA are key negative regulators acting constitutively to repress stomatal development and differentiation in both light and darkness. They conclude that COP1 acts genetically downstream of CRY, phyA, and phyB, in parallel with the leucine-rich repeat receptor-like protein TMM, and upstream of YDA, SPCH, MUTE, and FAMA.
While much work remains to be done to clarify the individual genetic and proteinprotein interactions involved and to identify any potential additional components, this work represents an important step forward in understanding the link between the lightregulated and endogenous signaling pathways in the regulation of stomatal production. It also provides a useful genetic framework to guide future molecular, biochemical, and cytological studies of these plant signaling networks.
Gregory Bertoni
Science Editor gbertoni@aspb.org
